I
ntegrating Web-based learning resources in medical education can enhance interactivity and has been demonstrated to improve satisfaction as well as facilitate learning efficiency (1) (2) (3) (4) . Web-based instructional methods are often categorized as e-learning, or the use of Internet technologies to enhance knowledge and performance (5) (6) (7) . e-learning has been identified as a valuable tool for teaching and learning (8, 9) . Methods of e-learning include self-paced tutorials, webcasts, podcasts, and interactive learning modules. e-learning has advanced from textbooks in electronic format to a highly interactive medium to enhance education for students and postgraduate learners (9) . While information on the general use of Web-based learning is available, there is limited information on the use of Webbased resources for critical care education.
MATERIALS AND METHODS
Search Strategy. To identify and evaluate Web-based resources for critical care education, a multilevel search strategy was conducted. Literature searches (from 1996 to September 30, 2010) were conducted using OVID-MEDLINE, PubMed, and the Cumulative Index to Nursing and Allied Health Literature with the terms "Web-based learning," "computer-assisted instruction," "e-learning," "critical care," "tutorials," "continuing education" (CE), "virtual learning," and "Web-based education." We identified and searched the Web sites of relevant critical care organizations (American College of Chest Physicians, American Society of Anesthesiologists, American Thoracic Society, European Society of Intensive Care Medicine, Society of Critical Care Medicine [SCCM] , World Federation of Societies of Intensive and Critical Care Medicine, American Association of Critical Care Nurses, and World Federation of Critical Care Nurses) for the availability of, or reference to, Web-based resources. We searched Info.com, a search engine combining Google, Yahoo Search, Bing, Ask, and About.com using combinations of the terms "e-learning," "critical care," "tutorials," "continuing education," "virtual learning," "Web-based education," and "video Web resources." Additionally, queries were sent to the following listserves: Critical Care Medicine Listserve (http://www.ccm-l.org/, Ͼ1,300 international members), Advanced Nursing Practice in Acute and Critical Care (http://health.groups. yahoo.com/group/ANPACC/, Ͼ1,000 international members), and World Federation of Critical Care Nurses. Lastly, a query was sent to the Critical Care Medicine Fellowship Director's Section of the SCCM (307 members) and to the National Organization of Nurse Practitioner Faculties Acute Care Section (Ͼ50 members) to assess current use of Web-based resources in educational training programs.
Data Extraction and Data Synthesis. To ensure the credibility of Web site information, Web sites were reviewed by three independent reviewers on the basis of the criteria of authority, objectivity, authenticity, accuracy, timeliness, relevance, and efficiency in conjunction with suggested formats for evaluating Web sites in the medical literature as outlined in Table 1 (10 -15) . To be included in this review, Web sites had to meet all criteria. Sites were evaluated on the basis of the seven categories, and those not meeting all seven criteria were not retained. Several Web sites were not deemed credible for various reasons, including unclear authorship, biased content, uncertain use of references, and out-of-date content (Web site not updated for 3 yrs or more) and therefore were not chosen for inclusion in this review. This review covers general critical care education and does not incorporate specialtyfocused areas, such as pediatrics. Industrysponsored Web sites were not included in this review.
RESULTS
Literature searches using OVID-MEDLINE, PubMed, and the Cumulative Index to Nursing and Allied Health Literature resulted in Ͼ250 citations. These were searched for sources of Web-based resources and relevance to critical care medicine education. The published literature on the use of Web-based resources for medical education has focused on the general use of Web-based learning in medical education (16) , the growth of e-learning options (17) , perception of learning and satisfaction with online education (18) , and critiquing the pros and cons of Web-based learning (19) .
Those articles pertinent to critical care cover a broad range of topics, such as developing a critical care e-learning scenario (20) , comparisons of traditional and Web-based learning formats for critical care courses (21) , teaching cardiopulmonary resuscitation via the Web (22), Web-based tutorials for acute respiratory distress syndrome management (23) , use of a Web-based antibiotic decision-making guide (24) , evaluation of an online critical care course (25, 26) , use of an educational Web site for echocardiography interpretation (27) , development of a critical skills curriculum for surgical interns (28) , use of a Web-based error reporting system (29) , and use of simulation training in thoracic surgery residency (30) , in critical care and trauma education (31) , for teaching hemodynamic principles (32) , and for the recognition of cardiac emergencies (33), among others.
No articles were found identifying Internet-based resources or sites for Webbased education for critical care.
Web Sites of Critical Care Organizations. Review of the Web sites of relevant critical care organizations revealed the existence of a number of e-learning resources. The SCCM Web site (http://www.sccm.org) offers various educational resources, including CE and continuing medical education (CME) content, slides from conference sessions, iCritical Care with links to podcasts, video podcasts for use with iPod Video and iTunes, and Critical Care Forum discussion groups. SCCM sponsors a resident intensive care unit (ICU) course that comprises two programs (adult ICU and pediatric ICU) targeting medical residents' knowledge acquisition during critical care rotations (http://www.learnicu.org/Clinical_Practice/ Fundamentals/RICU/Pages/default.aspx). The resident ICU program contains zipped file links to handouts and slide presentations with the option for voice narration, case studies, self-assessment questions, and references for additional reading. Individual learners can take the course, but there is also the option for educational site directors to register trainees to provide them with access to the content as well as exams. The site director can also track his or her trainee's content access and exam performance.
SCCM'sLearnICUWebsite(http://www. learnicu.org) provides links to clinical practice guidelines developed under the auspices of the American College of Critical Care Medicine, clinical topic webcasts, CME and CE activities, and other resources on a variety of critical care topics, including clinical practice, quality and safety, administration, and profes- Resources Identified by Practitioners. In all, Ͼ100 responses were received from e-mail queries to national and international critical care medicine listserves (Critical Care Medicine Listserve, Advanced Nursing Practice in Acute and Critical Care, National Organization of Nurse Practitioner Faculties, World Federation of Critical Care Nurses) from a number of countries, including Australia, Canada, Europe, Japan, Singapore, South Africa, the United Kingdom, and the United States. A total of 52 responses were received from listserve queries to critical care medicine fellowship directors and advanced practice nursing educators. A number of Web-based resources were cited, including self-paced tutorials, learning modules, audio-and videoenhanced programs, online critical care courses, and sites for case studies and interactive educational modules. Table 2 outlines the range of e-learning formats, and Table 3 outlines Web site resources identified from this review that include education and teaching resources on a variety of topics pertinent to critical care. In all, Ͼ250 Webbased education and teaching resources were reviewed and critiqued to formulate the 135 resources identified in Table 3 . An extensive description of each resource is beyond the scope of this review, but direct Web site link addresses are provided for readers' further review, which are accessible directly from the PDF copy of this manuscript. Several sources for e-learning were frequently cited by critical care educators and clinicians, including SCCM's resident ICU course and LearnICU, the European Society of Intensive Care Medicine's Patient-Centered Acute Care Training, the American College of Chest Physicians Pulmonary Critical Care Sleep Update, and the American Thoracic Society's Pulmonary Artery Catheter Primer.
The Pulmonary Artery Catheter Education Project (http://www.pacep.org) was also frequently cited as a valuable resource for critical care education re- As outlined in Table 3 , quite an array of e-learning resources exist for critical care education. Figure 1 presents the most frequent topical categories of the Web-based resources. Many address specific aspects of care, such as radiology review, electrocardiogram tutorials, arrhythmia interpretation, arterial blood gas analysis, case study reviews, clinical cases, and critical care CME. Some are specific to clinical topics, such as acute respiratory distress syndrome, renal failure, sepsis, critical care nutrition, mechanical ventilation, antibiotic use, pain management, sedation, and delirium, among other topics. The Web site http:// www.icudelirium.org provides assessment resources, tools, clinical practice guidelines, sedation scales and protocols, video reviews, and other resources. Additional Web sites provide databanks of images, including http://www.Trauma.org, While not a focus in this review, the use of simulation is an additional method of e-learning. In addition to the use of simulation manikins, general e-learning Web sites also include the use of virtual patient or interactive computer simulations (34 -36 The reader is referred to Table 3 for further review of specific Web-based resources and encouraged to visit the individual Web sites and e-learning resources.
DISCUSSION
The Institute of Medicine's Committee on the Health Professions Education Summit highlighted the need to educate health professionals utilizing a variety of strategies to emphasize evidence-based practice, including the use of informatics (37) . This review has identified over 135 Web-based resources for critical care education. Several strategies were used to locate resources, including literature reviews using established medical search strategies, review of the Web sites of critical care organizations, Internet searches, e-mail queries to critical care medicine fellowship program directors and advanced practice nursing educators, and e-mail queries to members of national and international acute/critical care listserves. The literature relating to the use of Web-based learning in critical care outlined examples of the integration of e-learning techniques, rather than providing information on the availability of specific resources. The literature review was useful in identifying strategies for integrating e-learning, outlining specific uses of e-learning and simulation, critiquing Web-based educational resources, identifying student or learner satisfaction, and summarizing the benefits of utilizing e-learning. Review of the Web sites of relevant critical care organizations was helpful in identifying a number of e-learning resources, including critical care courses, tutorials, podcasts, webcasts, slide sets, and CME resources. Internet search strategies and listserve queries to critical care educators and clinicians were the most useful in identifying specific resources for tutorials, self-directed learning modules, and videoenhanced programs for critical care education and practice. Although a comprehensive multilevel search strategy was used, the results of this review are not exhaustive of all available Web-based resources. While the Internet provides a wealth of instructional resources, locating reliable sources for learning can be daunting. During data gathering, synthesis, and compilation of this review, which spanned a 1-yr duration, several Web sites were found to no longer be active, highlighting a limitation to Web-based educational resources. Additionally, some of the Web sites require registration or organizational membership to access; however, many of the educational resources are free of charge, highlighting the benefit of open access in facilitating e-learning.
It is well acknowledged that e-learning technologies are beneficial for education and competency training. Several specific benefits include having increased control over content learning and sequencing, the ability to pace learning, control over time allocated for learning activities, and the availability of enhanced media that allow the learner to tailor their personal learning experiences (38) . As highlighted by comments from critical care educators and practitioners who provided information for this review, e-learning facilitates learning anywhere and at any time as Web-based resources are readily available and can be easily integrated into critical care educational programs and for CE purposes. Using e-learning resources also has potential time savings implications for learners in the face of work hour restrictions for physicians and limited funding for educational time for other critical care professionals.
Comparisons between e-learning and traditional methods of education, such as didactic lecture-based sessions, have demonstrated that e-learning is equivalent to traditional approaches of CE in achieving learning outcomes (39 -44) . In addition, the integration of e-learning in medical education has been found to result in enhanced learning, increased interactivity, and an improved selflearning experience (45) (46) (47) . However, it becomes important that e-learning re-sources that are utilized in medical education are reliable and credible sources of information (7) .
Strategies for integrating Web-based resources include ensuring access to resources during training programs. Electronic educational resources can be integrated with didactic learning and assessments through e-portfolios or clinical tools such as educational management systems (i.e., Blackboard). Programs such as SCCM's resident ICU enable program directors to register trainees and track their progress across content areas as well as their performance on exams. Self-assessments can then be used to provide feedback on progress and encourage learning. The Competency-Based Training in Intensive Care Medicine in Europe and Pulmonary Artery Catheter Education Project programs can be used to link educational resources to training competencies. These supplemental learning experiences can facilitate achievement of required competence for training as well as ongoing CE requirements.
Other strategies for integrating Webbased educational resources in training programs include the use of a wiki, or a Web site that allows the creation and editing of a number of Web pages. Trainees can also help to expand a learning library of education Web sites for programs, promoting intergenerational learning opportunities not only for residency or fellowship training but also for continuing professional education of critical care practitioners. It becomes evident that additional research is needed on the impact of integrating Web-based learning in critical care training programs. Simultaneously, sharing integration strategies being used by educators and soliciting feedback from trainees would enable ongoing development and utilization of Web-based educational modalities to enhance critical care education and training.
CONCLUSION
This concise review has outlined Web-based educational resources for critical care. An impressive number of Web-based resources exist for critical care education (Ͼ135) in a variety of e-learning formats, including tutorials, self-directed learning modules, webcasts, podcasts, and video-enhanced programs. As identified by critical care educators and practitioners who shared information on Web-based resources for this review, e-learning is being actively integrated into critical care medical and nursing training programs and for CME and competency training purposes. Web-based resources help to serve as knowledge tools for educators, students, and clinicians. Awareness of available Web-based educational resources may enhance critical care practitioners' ongoing learning and clinical competence, although this has not been objectively measured to date.
